A B S T R A C T Suppression of circulating antibodies to double-stranded DNA was achieved in NZB/NZW f1 female mice by repeated administration of an IgG2a monoclonal antibody to DNA. Deaths from nephritis were delayed; glomerular deposition of IgG and of the cationic IgG DNA antibodies characteristic of murine lupus nephritis were diminished. Quantities of circulating antibodies to single-stranded DNA were not reduced compared with untreated or IgG myelomatreated control mice. Antibodies directed against the monoclonal anti-DNA appeared in the circulation of treated mice after three inoculations of the idiotype. Those antibodies did not react with another monoclonal anti-DNA of the same allotype. One monoclonal anti-idiotypic antibody was obtained in hybridoma cultures derived from a spleen of a treated mouse. Cross-reactive or common idiotypes were found in 30-50% of NZB/NZW f, sera and monoclonal DNA antibodies. Deletions of portions of the spectrotype of antibodies to DNA were found in sera containing antiidiotypic antibodies, suggesting suppression of clones producing antibodies with isoelectric points similar to that of the immunizing idiotype. Deletions of some of the anti-idiotypic antibodies also occurred as the mice aged. Rheumatoid factors were not detectable in any sera.
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Therefore, administration of an antibody to DNA bearing an idiotype occurring with high frequency in INTRODUCTION It is generally agreed that antibodies to DNA, as well as to other nuclear and cytoplasmic antigens, participate in the pathogenesis of systemic lupus erythematosus, both in human and murine disease. Therefore, investigation of the characteristics of DNA antibodies which render them pathogenic has been extensive. In human and murine disease, DNA antibodies of the IgG class with the ability to fix complement have been associated with clinically active disease and with immune complex glomerulonephritis (1, 2) . We have suggested that subpopulations of IgG antibodies to DNA that bear a cationic charge are more nephritogenic than other populations (3) . Whether antigenic specificities of DNA antibodies influence pathogenicity remains controversial (4) (5) (6) (7) .
The advent of monoclonal antibody technology, introduced by Kohler and Milstein (8) , has permitted a reassessment of the characteristics of DNA antibodies and has provided a new tool for disease modification in animal models of systemic lupus erythematosus. We have used a murine monoclonal antibody to DNA to test the hypothesis that DNA antibody synthesis might be reduced by maintaining mice in a state of antibody excess. We now report that repeated administration of a murine monoclonal IgG antibody to dsDNA resulted in suppression of circulating antibodies to dsDNA (but not of anti-ssDNA) and of immune glomerulonephritis in NZB/NZW female mice. Suppression was associated with appearance of antibodies specific for the injected IgG and with deletion of circulating anti-DNA with isoelectric points similar to that of the administered idiotype (Id) . ' Therefore, in these experiments, suppression of anti-DNA synthesis may have resulted at least in part from the production of anti-idiotypic antibodies (anti-Id), and we may have achieved relatively specific suppression of an undesirable immune response.
METHODS
Mice. NZB X NZW f, mice were bred from stock parental colonies maintained at Washington University and permitted ad lib. food and water without antibiotic supplementation. Only females were used in these studies. Littermates were randomized into each of three treatment groups.
Monoclonal antibodies and anti-Id. Our methods for production of monoclonal antibodies have been described in detail previously (9) 20 additional NZB/NZW f, females were divided into groups A, B, and C and treated as detailed above from age 6 to 27 wk. They were killed at that time; two spleens from BWds-1-treated mice were used as fusion partners to produce monoclonal anti-Id (the source of aBWdsl-B1). Kidneys from these mice were snap-frozen in dry ice and acetone for later analysis of glomerular eluates. These mice were used only to provide renal tissue and spleens for fusion. They are not included in data regarding survival, incidence of antibodies to DNA, or incidence of anti-idiotypes.
Tests for antibodies to DNA. Three methods were used to study sera from test mice-a modified Farr assay, isoelectric focusing of IgG in slab gels followed by overlay with radio-iodinated DNA substrates, and an ELISA solid-phase assay. The DNA used in all assays was from calf thymus. For the Farr assay and gel overlay, '25I-DNA was purchased from New England Nuclear (Boston, MA), where it was treated with endonuclease. We have studied several batches of this material by BNDC chromatography and have found no free ssDNA, -40% nicked dsDNA, and 60% "pure" dsDNA. For the ELISA assay, DNA was purchased from Sigma Chemical Co. (St. Louis, MO) treated with endonuclease (Sigma Chemical Co.) and reprecipitated in 95% alcohol, after the method of Kirby (11) . Therefore, the antigen we refer to as dsDNA contains some ss nicks, but no free ssDNA. Heat-denaturation of this antigen provided ssDNA.
We have previously described our polyethylene glycolmodified Farr assay (3), which is based on the technique of Riley et al. (12) . Because it was quantitatively less sensitive than the ELISA assay, the analyses of serum antibodies in test mice presented here were measured by the ELISA method.
The 1 Mg/lane of the monoclonal murine antibody aBWdsl-L. After incubation at 37°C for 1 h, gels were washed and overlaid with Kodak SB-5 film for 1-3 d (Eastman Kodak Co., Rochester, NY); the film was subsequently developed. Only this method was successful in detecting Id-anti-Id interactions in sera. Id was most frequently detected by reaction of focused sera or monoclonal antibodies with aBWdsl-L. When aBWdsl-L was purified by DEAE chromatography, or by elution from polyacrylamide gels after focusing, most of its reactivity with Id (BWdsl) was destroyed. However, radioiodination of ascites fluid containing aBWdsl-L, followed by focusing and elution, showed that 96% of the iodine label was on the monoclonal IgG. Therefore, the sensitivity of the Id-anti-Id assay was determined by reacting '251-ascites-aBWdsl-L with BWdsl highly purified by elutions from focusing gels and bound to polyvinyl plates, and with focused NZB/NZW sera in which quantities of Id plus antibody could be estimated visually by the numbers of bands precipitated by Na2SO4. In the gel system, -1 Mg aBWdsl-L/lane could detect -10 Mg of Id + IgG. The solid-phase assay using hybridoma Id was more sensitive; 150 ng of 12511 aBWdsl-L reacted with 150 ng of serially diluted Id (cpm with an Id negative hybridoma averaged 175; cpm with 50 Mg of BWdsl averaged 1,092; cpm with 150 ng of BWdsl averaged 338). The gel system was better than the solidphase polyvinyl assay to detect Id plus bands in serum, in spite of its lower sensitivity, probably because the Id-bearing IgG was more concentrated in the gels. Glomerular eluates. IgG was eluted from glomeruli of the second group of mice in groups A, B, and C (killed at 27 wk of age) by the method of Woodroffe and Wilson (15) , except that sodium iodide (2 M, pH 9.0) was substituted for citrate buffer (pH 3.2). We have previously determined that sodium iodide extraction of glomeruli results in larger yields of IgG with anti-DNA activity than either acid elution or treatment with DNase. IgG and IgM were quantitated by immunodiffusion against rabbit anti-mouse IgG and IgM (Miles Laboratories, Inc.). Eluates were then studied by isoelectric focusing in 5% polyacrylamide gels containing urea, using the same methods as for serum. After focused bands were precipitated, they were overlaid with 1251-dsDNA or with '251-aBWdsl-L. All eluates were derived from pools of kidneys from six to seven mice. Pooling is necessary to obtain enough IgG to visualize after focusing in gels.
RESULTS
Effects on deaths from nephritis. Deaths from nephritis, defined as animals dying with 2-4 + proteinuria and a blood urea nitrogen level > 20 mg/dl, are shown in Fig. 1 . Deaths were delayed significantly in the group receiving BWdsl. By chi-square analysis (with Yates correction for small numbers), significantly fewer mice were dead in the BWdsl group compared with untreated controls at 28 (P < 0.025), 32 (P < 0.05), and 36 (P < 0.05) wk of age. Deaths in mice treated with LPC-1 were less frequent than in the untreated groups, but did not reach statistical significance at any time. The largest difference between the LPC-1 and untreated group was at 28 wk; Z2 was 3.227, 0.1 < P > 0.05. The differences between the LPC-1 and the BWdsl groups were significant at 32 and 36 wk (P < 0.05 at both times).
Proteinuria was also significantly delayed in the BWdsl-treated group, with a smaller proportion of those mice showing > 1 + proteinuria at 22 and 24 wk of age compared with the untreated mice (P < 0.05 at both times; data not shown). After 26 Additional gels containing focused IgG bands from the BWdsl-treated and control mice shown in Fig. 4 were overlaid with cold DNA (1.44 mg per gel), incubated at 370C for 1 h, then overnight at 40C. They were then incubated with '251-BWdsl. The same bands bound Id as in the experiments without DNA; the gel was identical to that shown in the upper panel of Fig.  4 . Therefore, we could not demonstrate interference with the Id-anti-Id reaction by DNA antigen.
Frequent occurrence of the BWdsl idiotype. Eight monoclonal antibodies to DNA (derived from eight NZB/NZW fI female spleens) and individual sera from 15 untreated NZB/NZW females were subjected to isoelectric focusing, then overlaid with two radioiodinated anti-Id preparations. Those preparations included (a) one LPJ heterologous antiserum and (b) one LPJ-mouse-derived monoclonal anti-Id (aBWdsl-L). The monoclonal preparation contained 150 ytg/ml of IgG anti-Id; the concentration of anti-Id in the heterologous antiserum was not determined, but was probably much lower.
None of the monoclonal anti-DNA antibodies and none of the protein bands from serum bound the heterologous anti-Id. However, four of the eight hybridomas (from eight different mice), and seven of 15 sera had bands that bound aBWdsl-L. All positive sera contained Id-positive bands at pH 6.2-7.2: a few also had Id-positive bands from pH 7.5-8.5. Overlay of similar gels with '25I-dsDNA showed binding of DNA by the same anti-Id-positive bands. These data suggested that BWdsl bears an Id that occurs frequently on NZB/NZW IgG antibodies to DNA and on the IgG of many but not all individuals of that strain. Since our assay is relatively insensitive for sera and glomerular eluates focused in gels ( (20) .
It is certainly possible that the large quantities of anti-DNA inoculated into experimental mice consumed DNA antigen, so that ultimately none was available for formation of pathogenic immune complexes. We did not test this hypothesis.
We (24) , interactions between Id and anti-Id are probably essential in controlling the immune response. Both B and T cells are susceptible to ultimate "up" or "down" regulation by interaction of cells and anti-Id (21, (25) (26) (27) . There is some evidence that humans with systemic lupus erythematosus reduce their anti-DNA responses and enter clinical remissions when anti-Id reactive with anti-DNA appears in their serum (28) . We therefore suspect that the hyperimmunization with a frequently occurring Id resulted in stimulation of anti-Id, which subsequently suppressed the anti-DNA response by direct action upon B and T cells. Whether deletion of antiId clones within the spectrotypes of anti-Id that occurred with time accounted for the loss of DNA tolerance remains to be examined. Since we now have large quantities of monoclonal Id and of anti-Id derived both from LPJ and from NZB/NZW mice, we can test these hypotheses in vitro. These experiments are in progress and should also provide answers to the question regarding the role of Id+ suppressor T cells in this system.
A comment regarding the role of electrical charge and pathogenicity of different antibodies to DNA should be made. We have previously reported that only IgG antibodies to DNA with alkaline isoelectric points can be isolated from NZB/NZW glomeruli (3), and that cationic charge may be necessary for localization of large quantities of immune complexes to glomerular basement membranes. This hypothesis is consistent with the data of Gallo et al. (29) . BWdsl has a neutral isoelectric point averaging 7.0; neutral antibodies to DNA were deleted from the sera of mice protected from nephritis in our experiments. However, although cationic antibodies were present in the circulation of BWdsl-treated mice, their quantities were greatly reduced, and they could not be found in renal eluates from 25-wk-old treated mice, whereas they were present in untreated and myeloma-treated mice. Therefore, it is probably the quantitative and not the qualitative change in antibody spectrotype that accounted for protection from nephritis.
It is possible that treatment with LPC-1 prolonged survival somewhat, even though differences did not reach statistical significance. LPC-1 does have antibody reactivity with phosphorylcholine, and it is conceivable that it may be able to bind to certain cell membranes and thus alter cell function. Furthermore, some monoclonal IgG2a proteins can interact with Fc receptors in murine mast cells and activate those cells, thus potentially modifying the immune response (30) . However, no effect of LPC-1 on proteinuria, glomerular IgG deposition, or quantity of circulating antibodies to DNA was found, so if it influenced mouse survival, its effects were probably quite different from those of BWdsl.
In summary, we have developed a novel method of reducing the humoral immune response to dsDNA that characterizes NZB/NZW murine lupus. Antibody and disease suppression were associated with the appearance of anti-Id, which may have played a role in the reduction of DNA antibody synthesis. Experiments to elucidate the mechanism of antibody control and to prolong the period of "tolerance" are in progress.
